.
The increasing use of animal kidney tissue cultures for vaccine production posed questions on the potential leptospiral infection hazards of such preparations. These questions were particularly pertinent in view of the recently proposed utilization of an attenuated measles vaccine prepared from canine kidney tissue cultures. The high incidence of renal leptospiral carriers has been demonstrated repeatedly in dogs (Alexander et al., 1957 Hamster kidneys for tissue culture were removed 3 to 5 days postinfection. A 9-day-old Fletcher's culture of strain Swafford grown from the heart's blood of infected hamster was administered ip to 4-to 6-week-old puppies in a 1.5-or 4.0-ml dose. By the 4th or 5th day postinoculation, puppies were moribund. At this time, the puppies were killed, and the kidneys were removed aseptically for preparation of tissue cultures.
Preparation of kidney tissue culture. Techniques of either Melnick (1956) or Bodian (1956) with minor modifications were followed in the preparation of monolayer kidney cell cultures in three different series of experiments.
The former technique was used in initial studies conducted on infected kidneys from four hamsters and a dog, by use of basal medium containing a combination of 100 units of penicillin, 100 ,g of streptomycin, and 100 ,g of amphotericin B per ml. Cortex of kidneys was minced, washed several times, and trypsinized in 4 to 6 volumes of 0.25% trypsin (Difco, 1:250 (100,ug/ml) . Renal cortex from an infected dog was divided into two portions; one was trypsinized in the presence of polymyxin B and dihydrostreptomycin, whereas the second was processed with no antibiotics.
Hanks balanced salt solution containing 0.5% lactalbumin hydrolysate was similarly used in these tests to wash minced kidneys. Approximately 15 to 20 volumes of 0.25% trypsin solution per gram of kidney tissue were used. After overnight trypsinization, suspensions were filtered through gauze and centrifuged; sedimented cells were washed and then suspended in growth media in a 1:600 dilution. The antibiotic-free final cell suspension was divided into three portions, one untreated and two treated with combinations of penicillin (10,000 units per ml) plus streptomycin (10 ,g/ml) or polymyxin B sulfate (50 units per ml) plus dihydrostreptomycin (100 ,g/ml). These three preparations and the suspension processed with antibiotics were separately planted, each in approximately 60 tubes. Cultures were incubated at 30 C. Sustaining fluids contained 5% bovine serum. The fluids were not changed in this experiment. The pH of tissue cultures (7.4 to 7.6) was maintained by periodic addition of a NaHCO3 buffer solution.
Examination for leptospires. In initial series of tests conducted with kidney tissue cultures derived from hamsters and one dog, and containing penicillin and streptomycin, leptospiral examinations were made on samples taken prior to planting and after 1, 2, 3, and 6 days of incubation. All samples were examined microscopically and culturally. Hamster inoculation procedures for isolation of leptospires were used for samples obtained on the 1st or 3rd, and on the 6th days of incubation. In two later experiments, microscopic and cultural observations on tissue cultures were extended through the 30th to 34th days of incubation, with periodic biweekly or weekly examinations. Generally, hamster inoculation procedures for isolation of leptospires were also included for alternate samples. The pH of all samples was measured.
Specimens for culture were diluted 10-fold to 10-or 10-8, and 1-drop portions of the dilutions were inoculated into each of three tubes containing approximately 5 ml of Fletcher's leptospiral medium. Three hamsters each were inoculated ip with 0.5 ml of the sample to be tested. Methods for the examination of hamsters and cultures for the presence of leptospires have been described elsewhere (Yager et al., 1963 Immediate tryp-Control, no anti-10-*| 10-2* 10-2 10-2 10-l0| 10-1 10-3 -sinization at biotic room temp, 2% 100 units of peni------_ bovine serum cillin + 100 ,ug of in sustaining streptomycin media 100 ,g of neomycin 10-3* 10-1* ----100 ,g of chloram-10-4* 10-2* 10-' -----phenicol Overnight tryp-Control, no anti-10-2* 10-4 10-10-3 10-3 10 2* 10-2* 10-2* 10-2* 10-1* sinization at 4 biotics C, 5% (1956) was included when it was learned that this procedure is frequently used in commercial vaccine production.
Findings in the two additional experiments are summarized in Table 1 . For comparative purposes, portions of the kidney suspension were cultured in the presence of penicillin and streptomycin. Results affirmed previous observations. Addition of penicillin and streptomycin to leptospire-infected tissue-culture suspensions just prior to planting served to eliminate leptospires after 24 hr of incubation; moreover, leptospires were no longer viable by the 4th hr of incubation. The same results were obtained in tissue-culture samples treated with a combination of 50 units of polymyxin B and 100 ,ug of dihydrostreptomycin. In the preparation derived from tissues trypsinized overnight in the presence of polymyxin B and dihydrostreptomycin, viable leptospires were detected at time of planting but not after 4 hr of incubation. Leptospires were recovered from cell cultures treated with neomycin (100 jug/ml) after 24 hr of incubation, and from those treated with chloramphenicol (100 ,ug/ml) after 48 hr of incubation, but not thereafter. The antibiotics tested did not affect the establishment or maintenance of cell monolayer tissue cultures in concentrations used. The pH of the cell cultures ranged from 6.8 to 7.8.
Leptospires were isolated in control tissue cultures maintained with no antibiotics up to time of cell culture disintegration, on the 25th to 34th days of incubation. The leptospire culture titers in the cell monolayers prepared by the method of Melnick (1956) decreased from 10-5 on the 4th hr to 10-1 by the 11th day of incubation. On the 14th and 25th days of observation, titers increased to 10-3, providing ancillary evidence of the multiplication of leptospires in tissue culture. Microscopically, leptospires were seen only on specimens taken after 4 hr and 1 day of incubation. In the control series of tissue cultures prepared by overnight trypsinization, leptospires were isolated from a 10-2 dilution of tissue culture after 4 hr of incubation. Approximately 1 day later the titer increased to 10-5, thereafter gradually receding to 10-1 by the 34th day of incubation. Microscopically viable leptospires were seen in tissue-culture samples examined after 4 hr of incubation, but not in samples taken 1 to 7 days thereafter. On the 17th and subsequent days of incubation, leptospires again were seen microscopically. There was no evidence that leptospires had a cytopathogenic effect on kidney cells. Kensy et al. (1958) , Rudge (1958), and Stuart (1956) . Yanagawa, Hiramune, and Fujita (1963) found that inhibitors were also present in kidneys from four noninfected animals, and could not be attributed solely to antibody. Generally, their presence was manifest by the more frequent isolation of leptospires from higher than from lower dilutions of kidney suspensions or urine of renal-carrier animals. Cultures for leptospires of serial dilutions of antibiotic-free kidney culture suspensions yielded no evidence of the presence of growthinhibitory substances, although renal tissue inhibitors of leptospires may have been present. With the exception of chloramphenicol, the known growth-inhibitory substances for leptospires in the medium were the tested antibiotics: penicillin-streptomycin, neomycin, and polymyxin B-dihydrostreptomycin. These antibiotics were present in concentrations well above the known in vitro bacteriostatic or bactericidal levels (Felsenfeld et al., 1950; Kolochine and Mailloux, 1962; Spadbrow, 1963; Van Thiel, 1957) , and were responsible for the elimination of leptospires from tissue cultures. The antileptospiral effects of the penicillin-streptomycin and polymyxin B-dihydrostreptomycin treatments were relatively rapid when compared with those of neomycin and chloramphenicol. The observed inhibitory effect of chloramphenicol on leptospires in tissue cultures was surprising in view of the reported refractiveness of leptospires to the action of this antibiotic at comparable and higher concentrations (Dunn and Thompson, 1953) ; Spadbrow, 1963 
DISCUSSION

